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Abstract

The nectar sugar composition of 19 species in the genus Agave was determined by

high-performance Hquid chromatography and found to be variable among species. Elev-

en species produced hexose-rich nectars with small amounts of sucrose, four species

produced nectars that contained hexoses only, and four species produced sucrose-rich

nectars. Known pollinators and visitors of four species are compared to expectations

based on sugar composition.

The sugar composition of floral nectars is known to vary among
species (Wykes 1952, Percival 1961), and coevolutionary relationships

have been found between the proportions, or ratios, of different sugars

and the kinds of pollinators attracted (Baker and Baker 1979, Spira

1981, Stiles 1976). However, it has also been suggested that some plant

taxa are bound by "phylogenetic constraint" and do not develop the

clear pollination syndromes seen in others (Baker and Baker 1979).

Therefore, each study of plant-pollinator relationships will require

knowing the overall capacity of the taxon under consideration to re-

spond to evolutionary pressures. In addition, quantitative determi-

nations of nectar sugars seem a prerequisite to more comprehensive

and detailed theories of coevolution. The genus Agave has received

recent attention as a model of plant-pollinator coevolution (Howell

1974; Schaffer and Schaffer 1977, 1979; Howell and Roth 1981), but

few data are available on the nectar sugars within this genus. Our
study examined the nectars of ecologically diverse species to determine

if the nectar sugar composition varies among the taxa (perhaps reflect-

ing different pollinators) or is relatively constant (perhaps indicating

phylogenetic constraint).

Materials and Methods

In most cases, flower clusters of appropriate age were collected in

the field or botanical garden. They were washed carefully with a stream

of deionized water, gently shaken dry, and left indoors overnight to
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produce nectar. The nectar was then removed with a micropipette and
frozen until anlaysis. Samples from the Huntington Botanical Garden
were collected, dried, and mailed to us in vials.

Sugars were identified and quantified by high-performance liquid

chromatography (HPLC). A Waters Associates liquid chromatograph
with a refractive index detector and Alltech Model 600NH column was
used. The solvent was an acetonitrile : water (80:20 v/v) system at a

flow rate of 2.0 ml/min. For calibration, regressions based on the re-

sponse peak heights to standard sugar solutions were established.

Quantities of each sugar in the nectar samples were determined by
comparison to the calibrations and expressed as relative percent by
weight. Injection volumes were 5-25 /xl in 5 jjA increments for cali-

brations and 10-25 ^tl in nectar samples.

Results and Discussion

Substantial differences exist in the proportions of sugars in the nec-

tars of the taxa examined (Table 1). Eleven of the 19 species had
nectars of the sFG type of Percival (1961), meaning that the nectars

were rich in fructose and glucose with small amounts of sucrose. Four
were of the FG type of Percival with only fructose and glucose. Two
were the SFG type with nearly equal proportions of the sugars, and
two were sucrose rich, the Sfg type. The first three types (FG, sFG
and SFG) fall within the "sucrose poor" or "hexose rich" category of

Baker and Baker (1979) because the ratio of sucrose to hexose is less

than 0.5 in all of them. The Sfg nectars are in the "sucrose rich"

category of Baker and Baker (1979) because this ratio is between 0.5

and 1.0. The agave samples have hexoses (fructose and glucose) in

relative balance, with a tendency toward slightly higher concentrations

of glucose. One species, A. schottii contained detectable quantities of

maltose.

These data are also shown in Fig. 1, a ternary diagram well suited

to illustrating systems with three components that sum to 100%. The
data of Van Handel et al. (1972) for a broad spectrum of species from
several families are shown for comparison. While none of the agaves

we have examined so far is sucrose-dominated, the wide range of

differences among the species supports the conclusion that the genus

is without phylogenetic constraint.

The data suggest the probability of variation among pollinators or

communities of pollinators, in habitats where agaves are found. Pol-

linator differences seem likely, because the species examined occur

from sea level in arid and tropical Mexico to temperate grasslands and
coniferous forests at elevations of up to 2200 m in the United States.

That environment markedly affects the types of potential pollinators

is well established (Arroyo et al. 1982, Primack 1978, Moldenke 1976,

Pojar 1974, Cruden 1972, Downes 1965, Mani 1962).
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Fig. 1. Ternary diagram showing the distribution of sucrose (plus maltose), glucose,

and fructose in floral nectars. Numerals indicate the Agave samples listed in Table 1,

with two bat-pollinated taxa indicated. Open boxes are floral nectars from the survey

of Van Handel et al. (1972), and the stars show two honeybee-pollinated plants (Bailey

and Fieger 1954).

The pollination ecology of only two of the sucrose-poor species (.4.

palmeri and A. havardiana) is known in any detail. Baker and Baker

(1979) suggest that the pollinators of species with sucrose-poor nectars

are likely to be passerine birds, bats, flies, and some bees. Bats do

exploit the nectar of A. palmeri (Howell and Roth 1981, Schaffer and
Schaffer 1977) and A. havardiana (J. Kuban, pers. comm.). Other

animals known to visit A. havardiana are passerine birds and hum-
mingbirds (Allen and Neill 1979, Neill and Allen 1979), as well as

many bees and other insects. Preliminary results of pollinator studies

in A. havardiana indicate that bats and passerine birds are the most

important pollinators, and that bees and hummingbirds are probably

not of major significance (J. Kuban, pers. comm.). Although hum-
mingbirds generally prefer sucrose-rich nectars, they also commonly
utilize the nectars of sucrose-poor species in the mountains of Texas



1983] FREEMANET AL.: NECTARCOMPOSITIONIN AGAVE 157

(Allen and Neill 1979, Neill and Allen 1979), NewMexico (pers. obs.),

and Durango (pers. obs.)- Cruden (1972) notes that hummingbirds are

much more common in the mountains of Mexico than at low eleva-

tions. In addition, Crosswhite and Crosswhite (1981) and Moldenke

(1976) report that several species of hummingbirds visit Agave flowers.

Perhaps the large quantity of nectar available is more important to

hummingbirds than taste, as suggested by Stiles (1976).

Though most agaves have open flowers in which nectar is readily

available to any visitor, A. schottii and A. toumeyana have tubular

flowers. These species produce sucrose-rich nectars. Baker and Baker

(1979) have stated that hummingbirds, hawkmoths, butterflies, and
some bees prefer such nectars. Schaffer and Schaffer (1977) found that

A. schottii and A. toumeyana were pollinated by carpenter bees {Xy-

locopa) and bumblebees (Bombus) and that bats are not important

pollinators of A. schottii in southern Arizona. Schaffer and Schaffer

(1977) pointed out that photographs of bats visiting these flowers

(McGregor et al. 1962, Cockrum and Hayward 1962) were taken

under artificial conditions using caged animals.

We found no evidence that nectar sugar composition is related to

phylogeny, at least at the subgeneric level. Indeed, the subgenus Lit-

teae contains nectars at the extremes of the genus (Table 1). It does

seem that nectars of open-flowered species have very little or no su-

crose, whereas higher sucrose levels are found near sea level and/or

farther south. Further work is needed to determine whether this ob-

servation is real or an artifact of small numbers of species from low-

land and or tropical areas.
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